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’ invention is directed to negative- acting'photoinageable conpositions such
‘as those used as photoresists in the ar C|rCU|try The
phof oi mageabl e conposition contains, 8 @BM%H@ Its phot oi mageabl e
conponent, a urethane biuret ollgoner of the Invention This
i nvention is directed to negative-acting phgtél"mageabl e conpositions which
are devel opable in al kaline aqueous solutions. The invention is
particularly applicable to primary photoinmaging resists, but is
applicable, as well, to conpositions that are hardenable so as to form
sol der masks and the |ike. A varietyi1lof such photoi nageabl e conpositions
are described. Essential conpositions of the type to which the present
invention is directed are A) a binder polyner; B) photopolynerizable
a, p-ethyl enical ly unsaturated conpound(s) and C) a photoinitiator
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unsaturated functionality. The photoinitiator chem cal system C) includes
cheni cabbgethéch generate free radicals upon exposure to actinic radiation.
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whi ch g%g\?erlgpable in alkaline aqueous solutions. The invention is particularly applicable to primary
photoimaging resists, but is applicable, as well, to compositions that are hardenable so as to
form solder masks and the like.

A variety of such photoimageable compoéitions are described. Essential compositions
of the type to which the present invention is directed are A) a binder polymér; B)
photopolymerizable «,3-ethylenically unsaturated compound(s), and C) a photoinitiator
chemical system. The binder polymer A) has sufficient acid functionality, generally
-carboxylic acid functionality, that the binder polymer is soluble in alkaline aqueous solution
and thereby renders the photoimageable composition developable in alkaline aqueous
solutions. The photopolymerizeable compound(s) B) are monomers and/or short chain
oligomers, a substantial portion of which have multiple «,-ethylenic unsaturated
functionality.

The photoinitiator chemical system C) includes chemicals which generate free radicals
upon eﬁposure to actinic radiation. These free radicals propagate the polymerization of the
o,B-ethylenic unsaturated moieties of the photopolymerizeable compounds B). Herein, the
photoinitiator system C) is deemed to include not only chemical compounds which generate
free radicals, but catalysts or sensitizers which promote the free-radical initiated

polymerization of the «,(-ethylenic unsaturated moieties of the photopolymerizeable
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free radicals, but catalysts or sensitizers which prompte the free-radical
“initiated polynerization of the a,p-ethylenic unsaturated noieties of the
phot opol yneri zeabl e V 2 conpounds B). Circuit boards al nost invariably
have through-holes to connect circuitry on opposite faces of the board.
Wth holes becom ng larger on circuit boards, higher tenting strength is
becom ng increasingly inportant; t’hus greater flexibility of photoi mageabl e
conpositions is required. Inproved flexibility also contributes to an
inprovqgngﬁﬂﬁgBZatch adhesion which allows for better conpatibility with
autonﬁie&)po yester renoval systens. If the photoresist is brittle, these
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di i soc§uhsgquentiycigald dipe defgctsf or exanpl e, i n Eur opean Patent Application EP
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Corrpoupnqgrovement to tenting strength and flexibility was observed. However, even though the
flexibility was noticeably better, the fine line adhesion was not improved and the oligomer
was shown to be a major source of developing scumming.

Improved fine line adhesion and lower developer scum has been demonstrated when
the isocyanuric oligomer is comprised of the product of a polyethoxymonomethacrylate and
the ispcyanurate trimer of hexamethylene diisocyanate, as described, for example, in
European Patent Application EP 0 738927 A2 and Japanese Patent Document JP 08-2868372.
The use of the product of a polyalkoxymonomethacrylate in UV-curable photoresists
enhances the performance of such compositions over those made with urethane compounds

_based on the isocyanurate trimer of hexamethylene diisocyanate. Present day commercial
requirements include furth& improvements to both fine line adhesion and developer
scumming.

Herein, urethane biuret oligomers are incorporated as at least a portion of the
photopolymerizeable component B). The urethane biuret oligomers are found to minimize

the developer scum. Along with improving the developer scum problem, it has been found

that urethane biuret oligomers improve the fine line adhesion of the photoresist.

Summary of the Invention

The present invention is directed to a negative-acting photoimageable composition
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based on the isocyanurate trinmer of hexanethyl ene diisocyanate. Present-day
comercial requirenents include further inprovenents to both fine |ine
adhesi on and devel oper scunm ng. Herein, urethane biuret oligonmers are
incorporated as at |least a portion of the photopolynerizeabl e conponent
B). The urethane biuret oligonmers are found to mnimze the devel oper
scum Along with inproving the devkl oper scum problem it has been found
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O CO CY=CH2, where m= 6-2 p = s=0-1,

R-CO-NH-Z-N-(CO-NH-Z-NH—CO-R)2

where the R’s are the same or different and have the general formula:

-Am-[-CO-NH-Z-NH-CO-]S-AP-O-CO-CY=CH2,
where m = 6-20; p = 0-20, s = 0-1;

the A’s are the same or different and are selected from the group consisting of;
-[0-CHY-CHY-]-, where the Ys are the same or different and are selected from the
group consisting of H, CH;, or C,Hs,
-[0-(CHy)s -},
-[-0-(CH,),5-CO-]-
and mixtures thereof;, and

Z is a divalent alkyl, cycloalkyl, aromatic, or alkylaromatic hydrocarbon moiety.

In the formula above, it is important that m equal at least 6 to obtain the requisite
flexibility of the photoimageable composition. U.S. Patent No. 4,019,972 describes
photoimageable compositions containing similar photopolymerizable compounds. However,
in the examples of this patent, in the corresponding compounds, m=1. This patent further

explicitly teaches in Column 5, lines 9-14, that it is disadvantageous for m to be 5 or greater.




the A's are the same or different and are selected fromthe group
consisting of, -[OCHY-CHY-]- , where the Ys are the sane or different and
are_selected fromthe group consisting of H CH31 or C2H5,
-[O-(CH2)3-4-]-e -[-O(CH2)3-5-CO-]- and mixtures thereof; and Z is a

di val ent al kyl, cycl oal kyl, aromatic, or al kylaromatic hydrocarbon noiety.
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Detailed Description of Certain Preferred Embodiments

Herein, unless otherwise noted, all percentages are weight percentages. Component
A) (the binder polymer) and Component B) (the photoimageable compounds) which are
herein considered to equal 100 wt%, and other components, including the components of the
photoinitiator chemical system, being based on total weight of A) plus B).

The invention is directed to photoimageable compositions which are developable in
alkaline aqueous solution and which therefore have substantial acid functionality. Such
photoimageable compositions typically have a binder A) having acid functionality, typically
an acid number of at least about 80, preferably at least about 100 and more preferably about
150 or more, up to about 250. The acid functionality is typically carboxylic acid
functionality, but may also include, for example, sulfonic acid functionality or phosphoric
acid functionality. ‘Binder polymers for photoimageable compositions typically have weight
average molecular weights between about 20,000 and about 200,000, preferably at least about
80,000.

The polymers are typically derived from a mixture of acid functional monomers and
non-acid functional monomers. Some specific examples of suitable acid functional

monomers are acrylic acid, methacrylic acid, maleic acid, fumaric acid, citraconic acid,



Herein, unless otherwi se noted, all percentages are wei ght percentages.
Conmponent A) (the binder polyner) and Conponent B) (the photoirnageabl e
conpounds) which are herein considered to equal 100 wt % and ot her
conponents, including the conponents of the photoinitiator chenical
system being based on total weight of A plus B). The invention is
directed to photoi mrageabl e conpositi gns which are devel opable in al kaline
aqueous solution and which therefore have substantial acid functionality.
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. dimethacrylate, polyoxypropyltrimethylol propane triacrylate, ethylene glycol dimethacrylate,
butylene glycol dimethacrylate, 1,3-propanediol dimethécrylate, butylene glycol
dimethacrylate, 1,3-propanediol dimethacrylate, 1,2,4-butanetriol trimethacrylate,
2,2,4-trimethyl-1,3-pentanediol dimethacrylate, pentaerythritol trimethacrylate, 1-pheny!
ethylene-1,2-dimethacrylate, pentaerythritol tetramethacrylate, trimethylol propane
trimethacrylate, 1,5-pentanediol dimethacrylate, and 1,4-benzenediol dimethacrylate; styrene
and substituted styrene, such as 2-methyl styrene and vinyl toluene and vinyl esters, such as
vinyl acrylate and vinyl methacrylate to provide the desired acid number.
The amount of the binder polymer A) may vary over a wide range, typically
comprising between about 30 to about 80 wt% of the composition based on total weight of A)
plus B). _
Examples of such polymers and photoimageable compositions using such polymers
are found, in the following U.S. Patent Nos: 3,953,309, 4,003,877, 4,610,951, and 4,695,527
the teaching of each of which are incorporated herein by reference.
The photopolymerizable component B) described above having ,photopolymer_izable

poly a,B-ethylenic unsaturation comprises between 5 and about 100 wt%of the urethane



1,.3- propanedi ol diacryl ate, decanethyl ene glycol diacrylate, decanethylene
gl ycol -dinethacrylate, 1,4-cyclohexanediol diacrylate, 2,2-dinethylol
propane diacrylate, glycerol diacrylate, tripropylene glycol diacrylate,
glycerol triacrylate, 2,2-di(p-hydroxyphenyl)-propane di nethacryl ate,
triethylene glycol dlacrylate
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o,B-ethylenic unsaturation functionality 2 or greater. Typically, a mixture of mono-functional
and multi-functional monomers will be used. Suitable photopolymerizeable compounds
include, but are not limited to, the monomers recited above as suitable for féming binder
polymers, particularly the non-acid functional compounds. The total amount of
photopolymerizeable component B) is typically between about 20 and about 70 wt% of the
photoimageable composition based on total weight of A) plus B).

To initiate polymerization of the monomers upon exposure to actinic radiation, the
photoimageable composition contains a photoinitiator chemical system. Generally, the
photoinitiator chemical system comprises between about 0.1 and about 20 wt% based on total
weight of A) plus B). Photoinitiator chemicals include, but are not limited to 9-
phenylacridine, n-phenyl glycine, aromatic ketones (benzophenone, N, N’ -tetramethyl-4, 4' -
diaminobenzophenone [Michler’s ketone], N,N'-tetraethyl-4,4'-diaminobenzophenone,4-
methoxy-4'-dimethylaminobenzophenone, 3,3'-dimethyl-4-methoxybenzophenone, p,p'-
bis(dimethylamino)benzophenone, p,p'-tis(diethylamino)-benzophenone, anthraquinone, 2-
ethylanthraquinone, naphthaquinone, phenanthraquinone, benzoins (benzoin,

benzoinmethylether, benzoinethylether; benzoinisopropylether, benzoin-n-butylether,




to the preparation of urethane conpounds prepared with the isocyanurate
trimer of HDI. The polyisocyanate is reacted wwth an acrylate- or
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ant hr aqui none; napht haqui none, phénant hraqui none,
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(tricresylphosphate, tripheynlphosphate), amides (p-toluenesulfoneamide,
benzenesulfoneamide, N-n-butylacetoneamide), aliphatic dibasic acid esters (diisobutyl-
adipate, dioctyladipate, dimethylsebacate, dioctylazelate, dibutylmalate, triethylcitrate,
tributylcitrate, triethylacetylcitrate, tri-n-propylacetylcitrate, tri-n-butylacetylcitrate, butyl-
laurate, dioctyl-4,5-diepoxycyclohexane-1, 2-dicarboxylate, glycerinetriacetylesters.

Additionally, the photoimageable compositions may contain a wide variety of
additional components as are known in the art, including additional polymers, such as those
which might be used to effect a final hardened cure of a solder mask, dyes, color formers,
stabilizers, flexibilizing agents, fillers etc.

Processing of the photoimageable composition is in a conventional manner. In a
typical procedure, a photoimageable composition layer, either formed from a liquid
composition or transferred as a layer from a dry film, is applied to a copper surface of a
copper-clad board. The photoimageable composition layer is exposed to actinic radiation

through appropriate artwork. Exposure to actinic radiation polymerizes the monomer in the



benzoi nmet hyl et her, benzoi net hyl et her, benzoi ni sopropyl et her,

benzoi n-n-butyl ether, 7 benzoin-phenyl et her, nethyl benzoin, ethybenzoin,
etc.), benzyl derivatives (dibenzyl, benzyl di phenyl disulfide,
benzyl di met hyl ketal (SIC), etc.), acridine derivatives (9- phenyl acridine,
1, 7-bi s(9-acridinyl)heptane, etc.), & hi oxant hones (2-chl orot hi oxant hone, 2-
nmet hyl t hi oxant hone, 2, 4-di et hyl t hi oxant hone, 2, 4-di net hyl t hi oxant hone, 2-

i sopropyl t hi oxant hone, etc.), acetophenones (1, 1 -dichloroacetophenone,
p-t- bytl)gthg'e%sgé %E@,tr&ﬂhﬁx QR'G crods-Ankd BLRAKYAMEL O PASRAR® developer. Next,

2, 2- di met hoxy- 2- phenyl acetophenone, 2,2-d|chIoro-4-phenoxyacgtophenone,
etc.), th¢composithouigkdeveleriedan fllete- r adi cal generat or, tri phenyl phosphene nmay

be inclyded in the otainitiator chem gal system a catalyst. The

hot o ritgasraudes subfith Qi A STt o S HER TSR PG

pl ast i clavgdssaiforRtive Vithahotrbdkylic ahslpabptie bmemp&r?/aageén@aidgqhah wei ght " of
A) plus B). Exanples of suitable plasticizers include, but are not limted
to, pht3eAtble endagmenablecAdter devglopmept. phetehanimay bgjusedloyemryhiegrpeeirom

di Octy'm@%@ég%erﬂh@r&%ﬂtm Rah&eQ) the@bY Fthind £ finted cipali?(eféﬂaxk B yeol,
pol ypr opyl enegl ycol ), glycol esters fe.g., tr eP yl ene- gl ycol di acetat e,

t et r aet ieyiktein dgnyembutdacsirt gatreappdipplapytlipneegl ycol - di benzoat e), phosphat e
esters (trigresyl phosphate, tripheynl phosphate am de .

(o ¢ of uenesul Tomuamtadron s s TG BaR 8 bt B e orishdheges

al i phat well & &ppesufacék. esters (diisobutyl- adipate, dioctyladipate,

di net hyl sebacate, dioctylazelate, dibutylmlate, -triethylcitrate, -

tri butyl ci t r Beinvertics Wil nevebgdastribegtia graater detaid by Ay pé spspifeq exagipdes.
tri-n-butylacetylcitrate, butyl- laurate, dioctyl-4,5-di epoxycycl ohexane-1,
2-di carboxyl ate, glycerinetriacetylesters. Additionally, the photoi mageabl e
conpositions nmay contain a wde variety of additional conponents as are
known in the art, including additional polymers, such as those which night
be used to effect a final hardened cure of a sol der mask, dyes, color
forners,



stabilizers, flexibilizing agents, fillers etc. Processing of the

phot oi mageabl e conposition is in a conventional manner. In a typical
procedure, a photoi mageabl e conposition |ayer, either formed froma liquid
conposition or transferred as a layer froma dry film is applied to a
copper surface of a copper-clad boargl. The phot oi mageabl e conposition

| ayer is exposed to actinic radiation through appropriate artwork.
Exposure to actinic radiation polymnerizes the nononer in the 8

| i ght - exposed areas, resulting in aEgangdss | i nked structure that is

resi stant to devel pper. t, the conpagsition. is_developed in dilute

al kal i ne aqué‘od‘EPée Eg&ﬂt‘?%ﬁN‘;‘eﬁigﬁ‘Hﬂp%gm&"i AT EsaﬁoﬂBWé't e solution. The

al kal i sol utdsbneg@uses salt formation with the carboxylic graupg«of the
bi nder  pql EYofymdr R ARy HethlG PiateS BhtyRLS | A Rheth§ [RURRERIC Afd e deyel oprent,
an et chant Y A8 dS8 \L@ageg%[golg eiél{t%moo ﬁose areas where the resist
was rem)vze%t c}xﬁﬁl'ie% kg ﬁ%ﬁé?lpgimeﬂfa%l nied ¢ rcuit.” The remaining resist is
then re \'aeoh 0L ng A appropria & siri pper. The invention provides a fine
line (I gg}s tB,an 7 rrigg{?om resj st sidewall which adheres wel I2 0 copper
sur f aces.>- TREPIORYLSRE 8bHF0 ?ha‘f% “be described in greater det ai § ily way of
speci fi ¢ ‘etanprrssoliggmertah{BadCh B4 *phot oi mageabl e conposit i was

f or mul at ed PAgluens sufpnamedsdplasiisize\y o6 1. Terpol ymer of net hyl me¥ hacryl at e,

but yl acr yi-direhemstimgthant deecryl i c acid 56.7 (Acid No. 150, wt. #&age
nol ecul ar7.Rephghylag@dio@@hominidathoxyl at ed bi sphenol A di nethacryl®te 14.4

*Components 1-4 calculated as 100 wt%; remaining components calculated relative to components 1-

4. **The Urethane Oligomers examples above are as follows:
0O
|
C
/ N\
R- (CH,)- N N-(CH,)-R
|
O0=C C=0
N\ /
N
|
(CH,), (Comparative Example A and C)
I
R

R-(CH,)-N-(CO-NH-(CH,)¢-R), (Examples B and D)
‘R = -NH-CO-0-(-CHX-CH,-0-)-CO-C(CH,)=CH,, where X is H or CHj;;
X = H (Examples A and B); X = CH, (Examples C and D).

Properties of the photoimageable compositions are described in Table 1 below:



v

3’: Pol ypropyl ene glycol nethacrylate 12.2 4. U ethane oligoner (A, (B),
(©, or (D** 16.7 5. p-toluene sul fonam de (plasticizer) 5.0 6.

Tri phenyl net hane dye 0.05.6 7. 9- phenyl acridine (photoinitiator) 0.17
*Conmponents 1-4 cal culated as 100 wt'/o; renaining conponents cal cul at ed
relative to conponents 1 4. **The 'Ure hane O igonmers exanpl es above are as
follows: 0 Il C/ \ R (CH2)6- NN—?CHZ)G-R O=C C=ON (CH2)6
(Conparative Exanple Aand C) R R (CH2)6-N(CO NH (CH2)6-R)2 (Exanples B
and D) R = -NH CO O (- CHX- CHZ O ) 6- €14 CH3) =CH2, Where Xis H or CHB; X
H ( {c < S 'Dr\ and Q ate 1methac (4 Iaces L an atc 1 ace OROX ctha atc
phot%aﬁg?géb"fe com))éf%xk 'clfﬁibs ok %& G ReRk a0 1‘% y“% ! %f y'aﬁaﬂ"‘h o
U ethane A i goner Eistvosuplcestt ed trli sviRibime 8y | at €| istvlmaxy at ed Propoxyl at ed

tri Mthachy /b eyRedpoxyl at ed trijet hacryl ate | Conponent (8)| urethane of HDJ
tri fretthaiosiBat e ur ¢t hane Uret hane of HS urethane of’ HDI biliret (D)

| SO¢yaAnEAl L4 Al HDI biuret (B) 1socyanurafe O

4x Break point(3) 52 45 . 45 4
Resolution at Step 9(2) and

4x Break point 75 65 75 70
Adhesion(1) at Step 7(2) and

4x Break point 35 . 43 35 53

Adhseion(1) at Step9(2) and - '
4x Break point 35 25 25 22

Tent Strength(4) at Step 7(2), . 179 252 247 268
dry(5) .

Tent Strength(4) at Step 9(2), 276 340 291 315
dry(5)

Tent Strength(4) at Step 7(2), 485 592 189 421
wet(6)

Tent Strength(4) at Step 9(2), 545 571 412 536
wet(6) )

Stripping Time(7) at Step 40 18 39 ' 34
7(2) :

Cross Hatch Resistance(10) at

Step7(2), 4x Break Point 25 30

Cross Hatch Resistance(10) at Is 20

Step9(2), 2x Break Point i

Stripping Time(7) at Step9(2) 48 42 45 44

Stripping Time(7) at Step7(2) 66 57
after Sn Plating

Stripping Time(7) at Step9(2) 84 70 _
after Sn Plating

Sn Underplating(9) at
Step7(2) 0.61 0.53

Sn Underplating(9) at
Step9(2) 033 035

Of the above results, most noteworthy is the increase in tenting strength of (B) and (D)
relative to (A) and (C). '



Resolution(l) at Step 7(2) and 45 40 47 43 2x Break point(3) Resol ution(1)
at Step-7(2) and 52 45 45 45 4x Break point(3) Resolution at Step 9(2) and
75 65 75 70 4x Break point Adhesion(1l) at Step 7(2) and 55 45 55 55 4x
Break point Adhseion(l) at Step9(2) and 35 25 25 22 4x Break point Tent
Strength(4) at Step 7(2), 179 252 247 268 dry(5) Tent Strength(4) at Step
9(2), 276 340 291 315 dry(5) Tent Stténgth(4) at Step 7(2), 485 592 389
421 wet(6) Tent Strength(4) at Step 9(2), 545 571 412 536 wet(6)
Stripping Ti gBnbhuids ELRIPE AQmPpBradfe)3éere fdrdllEisvirgal SdplRanost @nces 10) at
25 30 -- -- Step7(2), 4x Break Point Cross Hatch Resistance(10) at 15 20 --
- - St ep9¢mRpared wiBreefkhPpricsant Biventymi ng Ti me(7) at Step9(2) 48 42 45 44

i.e., (E), (F) R = -NH-CO-0-CH,-CH,-0-CO-C(CH,)=CH, in the isocyanurate (E) and biuret
Formulations given above. That is (E) = (A) where m = 1 instead of 6; (F) = (B) where m = 1
instead of 6. The results are summarized in Table 2 below; it being noted that comparative

examples (E) and (F) exhibit poor tenting strength:



Stripping Tinme(7) at Step7(2) 66 57 -- -- after Sn Plating Stripping
Time(7) .at Step9(2) 84 70 -- -- after Sn Plating Sn Underplating(9) at 0.61
0.53 Step7(2) Sn Underplating(9) at 0.33 0.35 -- -- Step9(2) O the above
results, nost noteworthy is the increase in tenting strength of (B) and. (D)
relative to (A) and (). 11 Conpounds E and F (conparative) were '

formul ated having a single ethoxy unit, as conpared with 6 of the present
invention, i.e., (), (F) R= _NH CO- O CH21 &Hz- OCOCCH3)=CH2 in the
isocyanurate (E) and bi uret For mul ati ons gi ven above. That is (E) (A
where m= | instead of 6; (F) = (B) where1rr = | instead of 6. The results
are summarized in Table 2 below |t being ’\l'ﬁ&d—{—hat——een%ar ative exanples
(E) and (F) ekbidaicbigpgor te tmmghosstlarcen gt h: | Meroctipgrlattde 2 Ur et hane O i goner

Monoet hoxyl at pEPBAERt hoxy! gt Y Bomaraiiicin blufé‘f‘ﬂ;ﬁ%‘?ﬁ?fé ryl ate urethane of

trimet hacryl ape—urethane—of bHsecyanurgqte—(E—+b—bruret (F)

Resol ution(|) | Besolv@pr@@ SE72)anind 41 43 2x Brieak poisnt (3) Resol ution(l) at
Step 7(2) and zi‘f'?mﬂ‘”"%)

Resolution(}) at Step 7(2) and
4x Break point(3)

30 31

Resolution at Step 9(2) and

60 61
2x Break point

Adhesion(1) at Step 7(2) and

2 " 45
4x Break point 3

Adhseion(1) at Step9(2) and 24 24 -
2x Break point

Tent Strength(4) at Step 7(2), . _
dry(5)

Tent Strength(4) at Step 9(2), 88.5 74
dry(5)

Tent Strength(4) at Step 7(2),
wet(6)

Tent Strength(4) at Step 9(2), 6 <0
-wet(6)

Cross Hatch Resistance(10) at

! <5 <5
step7(2), 4x Break Point

Cross Hatch Resistance(10) at

A <5 <5
Step9(2), 2x Break Point

Stripping Time(7) at Step
7(2)

Stripping Time(7) at Step9(2) - -

Stripping Time(7) at Step7(2)

64 48
after Sn Plating

\
Stripping Time(7) at Step9(2) 90 62
after Sn Plating

Sn Underplating(9) at 048 0.67
Step7(2) '

Sn Underplating(9) at 0.32 0.36
Step9(2) '




4x Break point(3) Resolution at Step 9(2) and 60 61 2x Break point
Adhesion(1l) at Step 7(2) and 32 45 4x Break point Adhseion(l) at Step9(2)
and 24 24 2x Break point Tent Strength(4) at Step 7(2), _ dry(5) Tent
Strength(4) at Step 9(2), 88.5 74 dry(5) Tent Strength(4) at Step 7(2), --
wet (6) Tent Strength(4) at Step 9(2), 66 <20 wet(6) Cross Hatch
Resi stance(10) at <5 <5 step7(2), 4x Break Point Cross Hatch
Resistance(10) at <5 <5 Step9(2), 2x Break Point Stripping Time(7) at Step
-- -- 7(2) Stripping Tine(7) at Step9(2) -- - Stripping Tine(7) at Step7(2)
64 48 afl) dMinSmrPbbdcrved iShricrpps, ngollitine a79quat ligs @apd smpes, adhesion as lines

with a 400 micron spacing. .

(2) Stouffer 21 solid step

(3) Developing at 30°C in 1% sodium carbonate monohydrate

(4) Puncture strength with a 2 mm radius tipped probe through a tented 6 mm hole

(5) Hot air knife dried after developing and held at room temperature, 30% RH for 16 hours

(6) After 4 minute immersion in 20°C tap water

(7) In seconds, conveyorized spray with 55°C 3% sodium hydroxide solution

(8) As a 15% by weight component of 38 micron thick dry film photoresist formulation (see

Attachment #2 for chemical structure, Attachment #3 for trial formulation)

(9) Mils of plating ingress between photoresist and copper interface afterplating up 1 mil of

tin. .

(10) Amount of photoresist remaining adhered after cross scoring with a multibladed knife at

I mm spacing

NOTE: At a Step 9 (optimum crosslinking) there is no degredation, or increase, of
underplating as a result of higher alkoxylation when comparing A and E, or B and F.



90 62 after Sn Plating Sn Underplating(9) at 0.48 0.67 tStep7(2) Sn
Underplating(9) at 0.32 0.36 Step9(2) 13 (1) M ninum observed in mcrons,
resolution as equal |ines and spaces, adhesion as lines wth a 400 m cron
spacing. (2) Stouffer 21 solid step (3) Developing at 30C in 1% sodi um

car bonat e nonohydrate (4) Puncture LT ength with a 2 mmradius tipped probe
through a tented 6 mm hole (5) Hot air knife dried after devel opi ng and
hel d at roomtenperature, 30% RH for 16 hours (6) After 4 mnute inmersion
in 20C wap iwalfmel {9 | n seconds, conveyorized spray with 55C 3% sodi um
hydr oxi de solution (8) As a 15% by wei ght conponent of 38 mcron thick dry
fi | m phot or elsiAsRegRbFerattmgipbatofrmesscablacomppsideon campristie chemi cal structure,

Attachment #3 for,g Eét@l:fin‘;] a;%(e)gyj Rldd ut(s%)\a% lo§se8fon¥$t?rl;[ \{vagtﬁt‘ &?{)fﬁrl?s( %§f‘/\ee n

phot or esi st and copper ace afternpl ng up Anmount
of photobiedérgiol yreerdianing gciddhmdtiedaléty tsefficizho®aresded 6aid phwdoirhagealitel t i bl aded
knife at 1 pmm spacin NOTaEa.At a Step 9. (optimum crosslinking) there is no
degreda‘iqnﬁ’r‘P,S‘t‘SF‘dleﬁéP%’g’éee‘f‘ ling, aghePt Sl as a result of hi gher

al koxyl ati on whengrRumRadn dbdut2 (Pl dboutc’0 WroaBskel onldtal Wbkt drn )1l BRSk i s:
. an addition-polymerizable, non-gaseous «,p-ethylenically unsaturated compound(s) capable
of forming a high polymer by free-radical initiated chain-propagating addition
polymerizzition, ) )

said component B comprising between about 1 and about 70 wt%, based on total of A)>plus

B) of a urethane biuret oligomer having the formula:

R-CO-NH-Z-N-(CO-NH-Z-NH-CO-R),

where the R’s are the same or different and have the general formula:

—Am-[-CO-NH-Z-NH-CO-]S-A.p-O-CO-C_Y=CH2,
where m = 6-20, p = 0-20, s = 0-1;

the A’s are the same or different and are selected from the group consisting of;
-[O-CHY-CHY-]-, where the Ys are the same or different and are selected from the
group consisting of H, CHj,, or C,H;,
-[0-(CHy)s.4-]-
-[-0-(CH,), 5-CO-]-

and mixtures thereof; and

Z is a divalent alkyl, cycloalkyl, aromatic, or alkylaromatic hydrocarbon moiety.



1. A negative-acting photoi mageabl e conposition conprising A between about
30 and about 80 wt % based on total weight of A plus B) of a binder

pol ymer having acid functionality sufficient to render said photoi nageabl e
conposition devel opabl e in al kaline aqueous sol ution, B) between about 20
and about 70 wt % based on total weight of A) plus B) of an.

addi ti on-pol yneri zabl e, non-gaseousl§, p-ethyl enically unsaturated
conmpound(s) capable of formng a high polynmer by free-radical initiated
chai n- propagat i@ c@ﬁt@b&h&paccgl‘a r%gr@rdlgl?r{ | Qerefidafl GRMRANG ket Bii %ﬁﬁ@“ sing

bet ween about | and about 70 wt based on total of A) plus

ur et hané€omiptipastbepyiegaheut Srmmahguttsﬁeﬁ Wb breded on total welght of A) plus B)

R CONHZ-N(CONHZ-NHCOR 2 where the Rs are the sane or different and
have the general formula: -Art,-[-CONHZ-NHCO ], -Ap-O CO CY=CH2, where
m=6-20, p =0-20, s =0- 1; the A's are the sane or different and are

sel ected fromthe group consisting of, -[O CHY-CHY-]-, where the Ys are
the sane or different and are selected fromthe group consisting of H,
CH3, or CH5, -[O(CH2)3-4-]1-1 -[-O(CH2)3-5-CO]- and m xtures thereof;
and Z is a divalent alkyl, cycloal kyl, aromatic, or al kylaromatic

hydr ocarbon noiety. 15 2. The conposition according to Caiml wherein

sai d urethane biuret oligomer conprises between about 5 and about 52.5 ww %
based on total weight of A) plus B).




